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sis. We reviewed fetal echocardiographic findings in 7 (cases 4, 5, 6, 7, 9, 11, and 12 of Table 1 ) of the 12 patients whose videotapes were available for analysis. The following dimensions were defined: (1) cardiothoracic area ratio (CTAR); (2) left ventricular fractional shortening (LVFS) and right ventricular fractional shortening (RVFS); and (3) the ratio of the thickness of the ventricular endocardium to that of the whole ventricular wall in the end-diastole of the left (LE/W) and right (RE/W) ventricles (Figure 1) . As a control group, we reviewed similar fetal echocardiographic data from 20 subjects without structural or functional heart disease. Data from echocardiographic studies conducted at the gestational age of approximately 30 weeks were included. The study participants were thus divided into 3 groups: living, dead, and control.
Maternal Autoimmune Antibody
Anti-SSA antibodies were measured in the mothers of the 12 patients. Two different proteins of 52-kDa and 60-kDa appeared to be the major components of the SSA antigen system. Antibodies to the 52-kDa SSA and 60-kDa SSA antigens were evaluated using enzyme-linked immunosorbent assay (ELISA) techniques with the MBL MESACUP 52k SS-A/ Ro test and the MBL MESACUP 60 k SS-A/Ro test, respec- 
Statistical Analysis
Comparisons between the echocardiographic data groups were performed using the Kruskal -Wallis nonparametric test. If the overall test result was found to be significant, further comparison between the groups of interest was based on the Scheffé test. The Mann -Whitney U-test was used for comparisons regarding anti-SSA antibody titers. A P value of <0.05 was considered significant.
Results

Patients' Profiles
Clinical data of the 12 patients are summarized in Table 1 .
Patient follow-up periods ranged from 0 days to 24 years, with a median of 11 years. Seven of the 12 patients survived and were not diagnosed with EFE. One patient was diagnosed by echocardiography as having isolated non-compaction of the ventricular myocardium (INVM). This patient was diagnosed by myocardial biopsy to have myocardial damage. The remaining 5 subjects died (time of death: intrauterine, 1 day, 5 days, 3 years, and 15 years), and the mortality rate was 42%. All patients who died were diagnosed with EFE during autopsy. Three of these 5 patients died without having pacemaker implantation during the perinatal period. Pacemakers were implanted between 0 days and 6 years of age in the remaining 2 patients. Six patients among the total 12 patients developed hydrops fetalis and 4 of them were treated prenatally with steroids and/or a β agonist. One patient (case 12) with an extremely deteriorated cardiac performance did not improve, despite administration of a β agonist during the fetal period. Figure 1 shows the method used for measuring the thickness of the ventricular endocardium and the ventricular wall. Parameters were measured in the free wall of each ventricle. Figure 2 shows the thickened and hyperintense endocardium of both ventricles (arrows). Table 2 shows the correlation between the prognosis and the fetal echocardiographic findings. The values of CTAR, fetal heart rate, and LE/W were significantly higher in the living and dead groups than in controls. However, there was no significant difference between the living and dead groups. Both RVFS and LVFS did not differ significantly among the 3 groups. The value for RE/W was significantly higher in the dead group than in the living group or controls. Figure 3A shows the association between RE/W and LE/W. Patients in the dead group (located in the right upper quadrant) showed high values for both; how- ever, only LE/W was high in the living group. In addition, Figure 3B shows the association between RE/W and RVFS. Patients in the dead group (located in the lower right quadrant) had high RE/W and low RVFS. Figure 4 shows the correlation between the prognosis and the titer of each autoantibody. Mothers of all patients were serologically positive for antibodies specific for 52-kDa and 60-kDa antigens. Antibodies to the 52-kDa SSA and the 60-kDa SSA antigens did not differ between the living and dead groups. There was no correlation between the titer of each autoantibody and fetal echocardiographic data.
Fetal Echocardiographic Findings
Maternal Autoantibody
Discussion
Isolated CCHB is frequently found in the offspring of mothers who have anti-SSA autoantibodies. Immune reactivity due to maternal antibodies is implicated in the development of congenital heart block. 7 In previous reports, the mortality rates of CCHB patients varied from 8% to 19%, 5, 8 and mortalities were largely attributable to cardiac failure in the neonatal period. 8 Patients with CCHB having fetal, neonatal, or childhood diagnosis had a mortality of 43%, 6%, and 0%, respectively. 8 Increased mortality risk was associated with a fetal diagnosis of CCHB, hydrops fetalis, EFE, and delivery at less than 32 weeks. 8 Cardiomyopathy, such as EFE and dilated cardiomyopathy, is particularly associated with high mortality rates in CCHB patients. 3, 4 Nield et al also reported that EFE accounted for over 80% of deaths. 9 In our study, all patients were diagnosed with CCHB during the fetal period and the mortality rate was as high as 42%, which is similar to that given in previous reports. All 5 deaths in our study were associated with EFE and hydrops fetalis, indi- cating that EFE and hydrops fetalis were the major negative prognostic factors for CCHB.
We were able to review the fetal echocardiographic findings in 7 of the 12 patients, including 3 (cases 9, 11, 12) of the 5 who had died. Fetal echocardiography showed a thick and hyperintense inner layer of the LV and RV, which was thought to be due to myocardial changes. During histological examination of the ventricular wall, the myocardium showed an increase in elastic fibers and the endocardium showed thickening ( Figure 5) . Fetal echocardiography showed that RE/W in the dead group was significantly higher than that in the living group. Nield et al also reported that prenatally diagnosed EFE cases predominantly involved the RV and had severe RV dysfunction. 4 In cases diagnosed postnatal, however, EFE predominantly involved the LV and tended to be most prominent along the LV free wall and the interventricular septum. Results showed that only a high LE/W was observed in the living group, whereas a high RE/W and a low RVFS was observed in the dead group. These results suggest on the 1 hand that severe myocardial damage in the RV during the fetal period leads to RV dysfunction and intrauterine or neonatal death. On the other hand, myocardial damage that is restricted to the LV does not cause perinatal death. This might be because the fetal RV is the driving pump for systemic circulation and the RV endocardium receives a stronger afterload, 10 the RV has less oxygenation, or the RV has a different developmental process of myocardial compaction from that in the LV.
It has been suggested that EFE may be secondary to an autoimmune process similar to CCHB. 4 The amount of maternal anti-SSA antibodies correlates with the risk of cardiac complications. 11 Antibodies to the 60-kDa and 52-kDa SSA antigens are uniformly present in neonatal lupus erythematosus (NLE), 3 and although antibodies to the 60-kDa SSA antigen are very specific for NLE, antibodies to the 52-kDa SSA protein have been shown to cause heart block in an isolated perfused rabbit heart model of NLE. 12 Antibodies to the 52-kDa SSA antigen, especially the p200 epitope, have been suggested as a relevant marker in evaluating the risk for fetal CCHB. 13,14 Some investigators have reported that cardiac immunoglobulin deposition in CCHB is associated with maternal anti-SSA autoantibodies. 15 Our results showed a high titer of both the maternal SSA protein and of the 52-kDa and 60-kDa anti-SSA antibodies in CCHB patients. Furthermore, immunopathologic findings showed deposition of immunoglobulin in a patient who died. 16 These results indicate that a high titer of maternal anti-SSA antibody might be associated with the onset of CCHB, but they do not prove that a higher titer leads to EFE. An immune reaction is necessary for the development of EFE, but other factors such as circulatory load, infection, or genetic inheritance could be implicated. A recent study has described the anti-SSA antibody from mothers binding to the L-type calcium channel in the fetus, which leads to calcium dysregulation and subsequent apoptosis in a small number of patients with susceptibility genes such as tumor necrosis factor-α or transforming growth factor-β polymorphisms. 17 Antibody deposition induces the spread of inflammatory reaction and subsequent fibrosis and/or calcification. Some patients born to mothers with the autoantibodies are diagnosed prenatally with EFE, and others are diagnosed with EFE several years after birth. Development of late-onset cardiomyopathy or EFE may be due to progression of the perinatally impaired myocardium, which requires a secondary trigger such as viral infection or genetic predisposition, and may be induced by pacing or metabolic disorders. 9 In our study, 1 patient (case 8) was diagnosed with EFE at 6 years after birth and underwent pacemaker implantation. The other (case 6) was diagnosed with INVM at 8 years after birth and showed myocardial damage in only the LV during the fetal period. These patients did not show a deterioration of cardiac performance during the fetal or neonatal periods; however, deterioration of cardiac performance or development of arrhythmia occurred several years after pacemaker implantation. 18 Because the pacemaker may further deteriorate myocardial damage that had occurred during the fetal period, it is important to continue observation for myocardial abnormalities over a long time period in CCHB patients.
Study Limitations
The method of measuring some parameters by fetal echocardiography was limited because the image quality of some scans was fuzzy (the videotape recording quality affected the measurement). The small number of cases was another limitation. Further studies using a larger number of cases will be considered.
Conclusions
Echocardiography data were reviewed for 12 patients with CCHB with or without EFE. We also measured maternal anti-SSA antibody levels in the mothers of these 12 patients. An immune reaction is necessary to develop EFE, but other factors such as circulatory load, infection, or genetic inheritance could also be required. Development of EFE could be a major negative prognostic factor for CCHB. Myocardial damage predominantly in the RV was related to the outcome of CCHB associated with EFE.
